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LINER EXPANDER 

This invention relates to a constant force spring device, and 
more particularly, to a device for expanding a metallic liner wherein an 
expanding die is urged against the liner by a constant force spring device. 

Heretofore, a method and apparatus have been developed for 
installing an expanded metallic liner in an oil veil or other conduit. 
Typically, a corrugated steel liner is inserted in a conduit vhich is to be 
lined, the greatest peripheral dimension of the liner being sli C htly less 
than the inside diameter of the conduit. An expanding tool is passed 
through the liner placed in the conduit, and a first-stage expanding die 
causes a gross plastic deformation of the liner, vhich is expanded outvardly 
against the inside of the conduit. A second-stage die on the tool then 
provides an additional finer deformation of the liner to provide a smoother, 
more finished surface on the inside of the liner and to assure more complete 
contact between the conduit and the liner. In a typical design of this type 
expanding tool, the frictional drag of the first-stage die supplies the 
expanding force for the second-stage die, vhich expanding force is a direct 
function of the strength, or vail thickness, of the conduit in vhich the 
liner is being installed- For example, in lining oil well casing, heavy 
vail casing may cause a very high frictional force which results in excessive 
pressure being required to push the expander through the liner. The 
application of the great forces required may result in rupture of the casing 
or in breaking the installing tool. In instances where the internal 
diameter of the conduit is somewhat less than that anticipated, the result- 
ing forces can cause the tool to become stuck in the casing, or otherwise 
cause damage to the casing and the tool. In other designs, such as where 
a cantilever spring arrangement is employed in connection vith the second- 
stage die, various difficulties are encountered in obtaining a spring 
mechanism having the desired strength in combination with the other spring 
characteristics, and vith the tool dragging against the inside vail of the 
conduit after being passed through the liner. 
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Since tools of the type mentioned above often are employed In veils 
deep in the ground, it is highly preferable that a tool be used vhlch under no 
circumstances will become stuck in the veil or cause damage to the veil. Any 
such trouble occurring in a veil can result in considerable loss in time and 
great expense in making repairs. 

An object of the present invention is a device for applying a con- 
stant force to an expanding die or other similar apparatus so that a pre- 
selected maximum force is exerted against a vork piece. Another object is an 
improved expanding tool for installing metallic liners in a conduit, vhich 
10 expanding tool can apply no greater than a predetermined force to the liner 
being installed In the conduit. Still another object of the invention is an 
economical and easily fabricated constant force spring device. A further 
object is a rugged, easy-to-operate expanding tool employing such a spring 
device. These and other objects of the invention vill become apparent by 
reference to the folloving description of the invention. 

In accordance with the present invention there is provided a con- 
stant force spring device vhich comprises a body member, an elongated column 
element adjacent said body member, bearing plate members contacting the tvo 
ends of said column at least one of said bearing plate members being longi- 
20 tudinally movable in respect of the other and stop means on said body member 
to limit the deflection of said column element to prevent permanent deforma- 
tion of said column element upon the application of a compressive load 
thereto. In one embodiment of the invention, the foregoing constant force 
spring device is employed in a tool for expanding a metallic liner inside 
a conduit, said constant force spring device being positioned on said tool 
to urge an expanding die member against the liner being installed in the 
conduit by a substantially constant force. 

My invention will be better understood by reference to the follov- 
ing description and the accompanying drawings wherein: 
^° Figures 1A, IB and 1C, taken together, constitute a partial cec- 

tional view of a preferred embodiment of a liner expanding tool according to 
the present invention; and 
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Figure 2 is a sectional view of the apparatus of Figure 1A taken at 
line 2-2; and 

Figure 3 is a typical plot of applied Load versus Deflection for 
the constant force spring device of the invention. 

Referring to the drawings, Figure 1A is the bottom portion of a 
liner expanding tool for use in installing a metallic liner in a well, while 
Figure IB illustrates the middle section of such a tool and Figure 1C repre- 
sents the upper section of the tool. The expanding tool 11 is attached to 
standard well tubing 12 by coupling 13 and, typically, may be lowered from the 
surfece through a well casing (not shown) to a point in the casing at which it 
is desired to install a metallic liner. Before inserting the tool into the 
well, an elongated vertically corrugated liner 14 fabricated from mild steel, 
or other suitable malleable material, is placed on the tool. Hie corrugated 
liner is secured in position by contact at its upper end with a cylindrical 
shoulder member 16 and, at its lower end by contact with a first-stage expand- 
ing die 17 in the form of a truncated circular cone which serves as a first- 
stage expanding die in the manner hereinafter described. The expanding die is 
fixedly attached to a centrally located, elongated cylindrical hollow shaft 18 
which forms a portion of the body of the tool. As shown, the expanding die 17 
is held in place between a lower shoulder 19 and collar 21 threaded onto the 
shaft. A plurality of movable arms 22, preferably provided with outwardly 
enlarged portions 23 near the top, are disposed in the form of a cylinder 
around shaft 18. The enlarged portions of the arms 23 upon being moved out- 
wardly contact the liner to perform the final step of expanding the corrugated 
liner into a substantially cylindrical shape. The arm members 22 are pivotally 
attached to the shaft so as to be movable outwardly from the shaft by a tapered 
expanding member 24 slidably positioned on the shaft to serve as a second-stage 
expander. Tfce surface of the member 24, as shown, moves upwardly along the 
shaft to engage with the arms and move them outwardly. Advantageously, the 
Inside surfaces of the arms 22 and the outside surface of expanding member 24 
form mating sections, typically octagonal in shape. The expansion of the arm 
members is controlled by the position of the member 24 which moves upwardly 
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until it contacts shoulder 26 provided on the shaft. As member 24 moves in a 
downvordly direction arms 22 fold inwardly toward the shaft. The expanding 
arms 22 are held in place on the shaft by collar 27 and circular groove 26 
provided on the ohaft. 

The expanding tool, comprising the first-stage die and the second- 
stage die is drawn through the liner to expand it in place in the casing. The 
first-stage die provides a gross deformation of the liner so that it is 
expanded outwardly against the wall of the casing. The second-stage die then 
passes through the liner and performs the final expansion to smooth the inner 
surface of the liner and to provide more even contact between the liner and 
the wall of the casing and effect a fluid-tight seal. 

In operation, the liner setting tool is assembled at the surface, as 
described above, and a glass cloth saturated with a resinous material may be 
wrapped around the corrugated tube to form the liner. The assembly is lowered 
into the well at the location at which the liner is to be set. A liquid, such 
as oil, is then pumped under pressure down the well tubing and flows through 
the passageway 29 provided in polished rod 31, through ports 32 and into cylin- 
der 33 connected to the upper end of the shoulder 16. Ifeon the application of 
fluid pressure to the cylinder, the piston 34 secured to polished rod 31 moves 
upwardly In cylinder 33. As shown, rod 36 connects polished rod 31 and shaft 
18 upon which is mounted the first-stage expanding die 17. When the piston 34 
moves upwardly through the cylinder 33 the expanding die 17 and the second- 
stage die 22 are drawn upwardly into the corrugated liner 14 and "iron out" 
the corrugations in the liner, so that the expanded liner may contact the 
inside wall of the casing in which it is being installed. Positioned on the 
shaft below the expanding member 34 is a constant force spring member 37 which 
is employed to urge the expanding member against the expanding arms 22 with a 
substantially constant, force. The force exerted against the am members being 
substantially constant, the force transmitted through the arm members to the 
liner and to the casing will be substantially constant so that either sticking 
of the tool in the casing or rupture of the casing is precluded. Of course, 
the force provided by the spring member is preselected so that the frictional 
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forces between the tool and the liner and the pressure exerted against the cas- 
ing are maintained at predetermined safe levels. The constant force spring 
member assures that the contact pressure between the liner forming portion 23 

t 

of the arms 22 is great enough to provide the desired deformation of the cas- 
ing, while preventing damage to the casing or to the tool. 

The constant force spring member 37 is slldably mounted on the shaft 
18 and held between the expanding element 2k and a cylindrical lower shoulder 
member 39 forming a portion of a differential sorew element 39 which transmits 
the loading on spring member 37 to shaft member 18. The differential screw 

10 element comprises shaft member 18 on the outside of which are cut male threads 
l8a, the lower shoulder member 38 provided with female threads 38a and thimble 
member hi provided with threads 4 la and hlb on the outside and the inside, 
respectively, to engage with threads on the shaft and the shoulder. Hie two 
sets of threads are coarse, such as square, modified square, or Acme threads, 
to withstand very high loads and differ in pitch so that shoulder 38 is moved 
upwardly on the shaft 18 when the shaft is revolved relative to thimble kl* 
The shoulder 38 is secured to the shaft 18 by spline b U5 so that it can slide 
longitudinally, but it is not free to rotate on the Bhaft. Fixedly attached 
to the lower end of the thimble is a friction member, such as bow springs k2, 

20 a hydraulically actuated friction pad, or other such device for frictionally 
engaging with the inside wall of the conduit to secure the thimble against 
rotation with respect to the shaft. Preferably, the direction of the shoulder 
member threads 38a is the same as that of the shaft threads 18a, e.g. right- 
hand threads, and the pitch, or lead, of threads 18a is slightly greater than 
that of threads 38a, with the pitch ratio being close to unity. In this 
manner, clock -wise revolution of the shaft relative to the thimble causes 
shoulder member 38 to advance upward slightly and a compression load is exerted 
upwardly on spring element 37 to cause buckling. For example, one satisfactory 
differential screw was made up using five and one -half threads/inch square 

30 threads on a shaft approximately 1.7-inch outside diameter and five and three- 
quarters threads/ inch square threads on a shoulder approximately 2.5-iaches 
inside diameter. 
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Constant force spring element 37 comprises column element U3, advan- 
tageously consisting of a plurality of elongated columns disposed around shaft 
18. Upper bearing plate member 44 is in contact vith the upper ends of the 
columns and is slidably positioned on shaft 16 to transmit the force of the 
spring longitudinally against the bottom end of expander member 24. Lover 
bearing plate member 46 contacts the lover ends of the columna and is moved 
upvardly along the shaft by longitudinal movement of lover shoulder 38 as a 
result of revolving differential screv element 39- Grooves 47 are provided 
in each of the bearing plates, to form an upper race and a lover race, into 
which the ends of the columns are inserted. These grooves may^be shaped to 
conform vith the s.iape of the column ends if desired. A cover 48 may be 
employed to exclude foreign matter from the" spring mechanism and to protect 
the spring. 

A means for limiting the deflection of the columns is required. 
Although the column element functions in a buckled condition, application of 
excessive compressive load thereto vould cause total failure or rupture of the 
columns. Therefore, a pair of stops U9 and 49a are provided for this purpose. 
As shovn, the stops are rigidly connected to the bearing plates, and, in 
effect comprise upper and lover limiting sleeves positioned on the shaft to 
slide longitudinally thereon. The ends of the stops may mo>e tovard, or avay 
from, each other as the load on the spring member varies. Lover sleeve 4$a 
is prevented from moving dovn by lover shoulder 38 connected to the shaft 18. 
However, the spacing betveen the ends is such as to limit the longitudinal 
travel of the bearing plate members as they move together to prevent permanent 
deformation of the column element 43. Various alternative means for prevent- 
ing damage to the column element may also be employed. Por example, pins or 
rings mounted on the shaft may serve as stops, or the cover 48 provided vith 
suitable connections may be employed for this purpose to limit longitudinal 
and/or lateral deflection of columns. 

The columns of the column element 43 may be arranged around the 
shaft 18, vhlch as shovn here forms a portion of the body of the spring 
device, vith ends of the columne fitted in the races 47. The col umna may be 
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Tilted closely together as shown, or may be spaced around the race, with sepa- 
rators used between them to maintain the desired spacing. The number of 
columns employed will depend upon column characteristics and the materials of 
construction. For example, the slenderness ratio of the column may be varied 
widely, and the column ends may be round, flat, fixed or hinged. The preferred 
construction is a thin, slender column with rounded enas, free to move within 
the races shaped to the curvatu: e of the column ends. Kateriels which may be 
satisfactorily employed for the colun.ns are carbon and low alloy steels, 
chromium and nickel-chromium stainless steels, various copper base alloys, SU ch 
) as phosphor bronte, beryllium copper, the high nickel alloys and other similar 
materials providing satisfactory mechanical properties. Typically, the indi- 
vidual columns are of long rectangular cross-section, with the width being 
greater than the thickness, and arranged so that the wider face of the columns 
is nonnal to the diameter of the shaft. Thus, with sufficient compression 
loading, the columns buckle, and bend about the axis having the least moment 
of inertia, e.g., outwardly away from the shaft 13. 

For example, a group of columns 0.167-inch thick by O.UJ8-iach wide 
by 10.626-lnches long, with the ends rounded, were fabricated from A. I.S.I 
«»3k0 steel, quenched and drawn at 575'F. Each column was found to require a 
critical compression loading of 450 pounds in order to buckle the column. 
After buckling, the columns were found to have a very flat spring characteris- 
tic, as shovn in Figure 3, wherein P c is the critical buckling load and point 
C represents the load and deflection at which the stress in the extreme fibers 
of the column exceed the yield point of the material. Theoretically, the shap* 
of this spring characteristic curve is described by curve OA-ABC. Actually, 
this curve ie described by QABC due to friction in the system. Points A end B 
represent typical working limits, which, of couree, may be varied according to 
the application for which the spring is designed. For example, where a large 
number of flexing cycles are not anticipated, a working stress just below the 
yield point may be used, while with, a great nvober of flexures, the working 
stress may be held to less than the endurance limit of the material of construc- 
tion, in the above-mentioned testa, the lateral deflection was limited to 
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approximately one Inch, et which the longitudinal deflection was approximately 

0.225 inches. From zero deflection to the maximum deflection, the ^0-pound 

loading was found to be substantially constant. 

In another test a spring device was built, as shown, employing 20 

columns, each having a critical buckling load of 1250 pounds. The lateral 
deflection was limited between 0 and about 1.00 inches by appropriately posi- 
tioning the stops. Upon compression loading, the spring element buckled at 
substantially 2 5 ,0OO pounds and from a longitudinal deflection of 0.0k Inches 
(buckling) to about 0.1 5 inches the load remained substantially at 25,000 
10 pounds . 

Of course, in designing a spring element as above it is advantageous 
to obtain the greatest possible value of longitudinal deflection for specified 
values of lateral deflection and critical buckling load, while maintaining 
the stress level in the columns at a safe level. The preferred columns, there- 
fore, are laminated, as shown in Figures IB and 2, with multiple flat members 
making up each column. 

In the operation of the above expanding tool for setting a liner 
in well casing, the made-up tool is lowered into the well as mentioned above, 
with the arms 22 in the retracted poaltion. When the tool is at the desired 
20 level, the well tubing is revolved. The friction member 1*2 engages with the 
wall of the casing and prevents thimble 1*1 from revolving. With several 
revolution of the tubing, lower shoulder 38 la mowd upwardly by differential 
screw 59 to buckle spring element 3? which has a predetermined critical 
buckling load. This load is transmitted upwardly against the lower end of 
expander 21*, and its tapered surface is engaged with the tapered surface on 
the inside of the aras 22 to urge the arms outwardly with a substantially 
constant force proportional to the critical buckling load of the spring 
element. Subseauently, the expanding tool is passed through the liner to 
expand it in the casing in the manner described hereinbefore. 
30 The for e»>ln« description of a preferred embodiment of my invention 

has been given for the purpose of exemplification. It will be understood that 
various modifications in the details of construction will become apparent to 
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the artisan fro* the description, and, as such, these fall within the spirit 
and scope of my invention. 
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I CLAIM; 

1. A device for expanding a metallic liner inside a conduit which 
device comprises a shaft element, an expanding die member attached to said 
shaft element, said die member comprising a movable liner-forming member 
positioned on said shaft and being radially movable in respect thereof to 
contact said liner, an expander member slidably positioned on said shaft 
between said shaft and said die member to move said liner -forming member 
from said shaft, and a constant force spring member positioned on said shaft 
to contact said expander member and to maintain said expander member against 
said liner -forming member, whereby said liner-forming member is urged against 
said liner by a substantially constant force. 

2. In a device for installing an expanded met alli c liner in a 
conduit wherein an expanding die is moved through a liner positioned in said 
conduit to expand said liner: a cylindrical shaft element, an expanding die 
member attached to said shaft, said die member comprising a plurality of arm 
members disposed around said shaft and being pi vo table outwardly therefrom to ' 
contact said liner, a cone member slidably positioned on said shaft between 
said shaft and said arm members to urge said arm members outwardly from said 
shaft, and a constant force spring member positioned on said shaft to contact 
said cone member and to maintain said cone member in contact with said arm 
members, whereby said arm members are urged outwardly by a substantially 
constant force. 

3. The device of Claim 2 wherein said constant force spring memb er 
comprises a plurality of columns disposed around said shaft, a first bearing 
plate member and a second bearing plate member, each of said bearing plate 
members contacting opposite ends of said columns, at least one of said bearing 
plate members being movably positioned on said shaft and being in contact 
with said cone member, stop means connected to said shaft to Uni t the axial 
travel of said movable bearing plate member along said shaft, and compression 
means for maintaining a lateral deflection in said c olumn s. 
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k - ^ devlce of Cla ^ 3 vherein said compression means comprises 
a differential screw connecting said spring member and said shaft. 

5- The device of Claim 3 vherein said stop means comprises a 
sleeve- like element connected to said movable bearing plate member and 
3 slidably positioned on said shaft and a member connected to said shaft to 
^ limit the travel of said sleeve-like element. 

1 6. The device of Claim 3 wherein said columns have a rectangular 

2 cross-section, the width being greater than the thickness, and having the 

3 wider face normal to the diameter of said shaft. 

1 7. A device for installing an expanded metallic liner in a conduit 

which comprises a cylindrical shaft element; an expanding die member mounted 
3 on said shaft, said die member comprising a plurality of arm members disposed 
k circumferentlally around the outside of said shaft and being pivotable out- 

5 wardly therefrom to contact the liner; a conical expanding member slidably 

6 positioned on said shaft between said shaft and said arm members to urge said 

7 arm members outwardly- from said shaft; a plurality of slender columns, each 
having a long rectangular cross-section and disposed circumferential^ about 
said shaft; an upper bearing plate member and a lower bearing plate member, 
each slidably positioned on said shaft and contacting opposite ends of said 

11 columns; limiting sleeves attached to each of said bearing plate members 

12 and slidably positioned on said shaft; a shoulder member on said shaft; a 

13 differential screw element connecting said shoulder and said shaft to apply 
a buckling load to said columns; said- shoulder being engageable with the 
limiting sleeve connected to said lower bearing plate member, whereby the 

16 axial travel of said bearing plate members is limited; said column members 

17 transmitting their buckling load to said arm members to urge said arm members 

18 outwardly with a substantially constant force. 
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to or to «xb>% teCBi maalrad a*r touu u m»» or bb aula* 

lBBUlBJ tod. IK UlttMN tottft MB iBBWBBl 
M BBBBB* I* ■— B 1 UB tBBl Oft* BfUlBlBfttB^ MO MfftiU 

a MBi Mkft taol to ftCWk tB tte oBftluc or oUbibU* 

to to bm1i« and tac Mol. Jb ota«r i»»l|M, 

■ BBBBBt la >^Ur-4 ia BCBBiatlaa ta* *»9onl- 

(U» «a, i«rto«i *lfTi«a%4»« bib tnocBBi«»«i In cto**ixvi*i ■ »jrli« 

KOOlBBlfB BftTtfiC VB BBtfUBB rtTBn«1* IB WBT OlTB t J O KI Vittl to 0«KC *P»lflB 

>, «M vita tte tool «niHl« Mftl»rt to twd4a mil oX to 





l^^af: 
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dNWfteKM Till stack la tba will »r unu* Urn* »• fae tay 

^g^ii Qofturrtac. la a «U •» j 



A» al>ot of ta» tmni laoavtlOB la ft »o»lo» fw aaal^ ■ 



ft* tfc*t ft fW- 



j„ t» MUM t^ilfi ft yiM». AMtiNT *J~k I* 

oMm mt tafttftlliaa bWIU liatra la « iw» n lS 



tttmi laataUai U « 



tool «fWU| n* ft ftprlo* 



terlo.. ftcn aat otter ckjwt* «f «• lawtlon wm «p»«* V 

r«f«rt&co to Uw r»nmrtnc *»»o*i»tto* »x ta» lanaMo*. 

la wftiT" vltfc tte jr»Mst tatntua taara U »ft»laai a 

r<*M cprlM «•▼**• ****ai«*«r, m mtom&K* 

mlwmM aU«a«% MU ^^r, toarla, aa*ar» cm*c\<** ta. t» 
at uiA eaUaa •* «- «* «*• lk -* xl *« P 1 * 1 * A *** t " 

x «maU7 bo^V* U r«>f-ot of la. otto* «a rwo—«w o» ibM. ta&j atater 
to ll«i* *« arfUitaai of uu * 

i af IwmoUos, ta« foraaolai < 

mi^foi Msaotlmi ft attallle llaar iaftlAft 

. _ *™ *»«i«t mm jamiUowc «a itfi tool 

a icrftiut, fta*»toaft *J«±*« *" J 

to ^ t» a^aftftlas tla po-»-i- ft#*a.t inrlAUlA 

cuafali kj • cjuart«mtlftll7 eom»»ft«l form*. 

Mr WMia mil ta taotax -—rrto* V « f * nw,fc 

X U,UrilCU^ ta^iaar, po«UWta . pftrtlal a^ 

Uca»1 tta« of • | ft »f*ii <A — W n llw rt aJ 



El 



http7/patcntsl ic.gc.ca/fcgi-bin/any2html 



00736288dis.afpPagc3 



736288 

T l*jr* a i. t *\«<e*M» o»»r«ta. of FUput U toteo «t 

lite 2-2j 4Hd 

n„w 3 l- » or J~f «™* i*r^uon fw 

tfa* coa»WH '«"•* «P**M *•»»«• ** U^afticn. 

, *> Lb. Amlip, npn UUrt» pm*io« * * 

i of neth » V*>1 Mfl hgn* M iei*w 
MM tfo oj*or Of***f> oT tfco toftl. o^U* tow U If f»f*f* * 

JO ttroo* • «•» «**"• «^) to f *■»»«» «« O-Ut rt «t*«b It 

U to inWl • -fill* W-c l»--tlM »>»»"Uitottl 

o K»»toS -m<»l* -rnHM UMi 1» fffrict* tit* 
or titer mmo** rtrt^ 1- J— - «« — *^ toa 

!!« i, if f-dtL. * «^f*t ft ito i*PT — ' ell***) 

^ tf^rtlU XMMff at k» ««Wi «ltfc ft TJrwV-tU*o «*p«*- 
ISC «U IT i« U» for. of • trooarto* ci*oul« «™ - * ,lT **" 

rt^^UiUto**!-^^ ».«^fflta»ito u 
it«dlr oM-tod to - MOtnOU H***". olMfflo* «T>J*rlt*l 1*1*. .bfft 
.ktc* for- m ^rti« of too Wi or tte la*. » t*. -xp-dl** »• « 

» U boil if ™—i . l~r obo«toir 1> «d coll* n t*~Ud cote U* 
«Wt. .A ^ or w ft, P"**™^*™ 14 ** "*» «*—*^ 

*„mAa*t*lt. Tt- oml»fl»l P«rMo« — «^ 

«„W^ to. H-r to f«*- «• ■* •<F-^^«««« tt - d 

U^r lm w . .otato**^* •yU— 1*1 ft- om « oxo ll^iUU, 

otoi to too .tett » o* to to -mblf cffJfMt^l*^^--^**"^ 

m ^ jmT & illA*Mj DO^tlOMA OA tt» »b»f* *0 ■ 

tt. .erf— of to. mJmt « obon, ^»^r H»f to. 

inrtdo f*f- f of tbt O^M — UO 0UV.W* ^ * 

,, vi*o*liy o.m«p-i l* «^P»- *- •*^ oa or tto "* 



s 



http://patcalsl ic.gc.ca/fcgi-bin/any2html 



00736288dx*tfp Page 4 



T362B3 



dowjwrilj oJxaatlv* araa « fall imrtljr tcwar* ta. **rft- R» bwHW 
ratlin b.14 la tfc* abaft by »T mo cucbIat cnxm> aO 

lb. t~a, ioayri»lae **• a~wt»*« 41a aa4 tbo »*M6- 

■tt* 41a 1. 4>*m Vmm+ too li-Or to wn< t* t* olooa I* tbt Mala*. 
fUat-ata* 41* pvrtl* a fKtfft stfcmtian t< -a- iloar ao Hart 1% U 

7 a^irtlr «#lMt tl» mil of tt» *-a*€. ft* ••ccol-.t^ Ala thaa 

I iteaafb tfca lifttr m1 yarfosbo **• n»U i^Hudci to pwU tfct iwr 

» nrfM Of Ua UMT Bi «• WVtU- MW9 IM CODtaOt bTUOaa 1*4 111** Bid 

tt» bII or «» mahi cat ifftct • rutA-tiatti aoai. 

la ctaraUoo, %W Urn* aattta* tool 1. a— - 0 0*1 at «• aarfacc, ae 
daaoTUbos aim, aad • gLaaa etc** aataratai rtth a ra*iaoaa aatonal amy *c 
tow* «rxoi tu eerruaatad Ufta to Cara ti» Uaar. tat- aaaaaU? U Iotttt* 
lata tba mall as «*» I* nation at valo* t*a Uaar ta to •* oat- A iiqol4, aoeh 
a* Oil* ta Chan - oaAar {rufin tow tba »11 tnbioa; aaa flort ttw* 
tba uma — i j- 99 yrorlM U poliahad red 31, Wnxwa* aorta *e aad urto arllo- 
oar » oanaaatad ta tba apoar ao* M Ua> abooJicr Jo- t*<- tba aoallaatftoa of 
flaU artaaura to tba o/liaJar, «*a alrtaa H aa*a*aA to potlabaft rol li ootW 
to ajaaraly la ft/Uadaa ». Aa abo**, rod 96 aorWa poll*** ro4 >J. tffl io*ft 
ia spaa aMab la aoaatad «** XU*t-ata«a Wgaaalag at* 17. Vbu U- H»t*o * 
Mm wawtly ttm-aab tt- ayliaaar » tbo dla 17 .»■* **• 

aVa* 41a tt m 4ja«a ap-aialy l«to t*a atamic^-* Uaar H act lit* oat>" 
taa aorraaauoaa ia tha llw, ao that tfeo m aa an Uaaz aagr cxwWc* «ha 
iaifc vail of taa oaaiag la 4Uk tt ta tadai lMtallai. Mtloaofl e» tba 
aaaft bmlxaf «m ajQaaSfiif aaaW 8* la a «nU taroa tjtria* nabir 77 
1* aaplaya* «0 iiraa tha i^a4U< aaater aaalaat tt* Ht| > «11ii4 naa ** rttix • 
a^ataotlally aonctaat ftoro*. t3»e roi<» twU4 a«kla«t tha u> aaa»ar» Waj 
nCMtantiaUy KOatutt, ttoa fcroo trtoaatttad thrt»a> arm aaabara to the 
J) Uttr aad to tha aaatoa »Hl W aidsataMlOlly- aaoateat ta t*at alttex »U#lM 
of 1ha tool ta U» oaalac iwtm at taa oaalaft !• feaeO^aO. Of oowaa, 
tba rtroa aroAa-4 Yf to* aprti* aaatttc W araaalacW* ao tt-t tha hnattoaai 
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/<**»• tewii tto tool — too itoox «d toe yr%«mi« ooortod «*tMt too ooo- 
Uog. u« MdoULao* *l proootondaM o*fe tta» ocntai fOfl* iprlM 

— W *MMzm» ttot to. •onto** |WMW Mm* V* ltoor lazotoc vorUoo *> 
1k» «*> D li trwi oaou* to jr»uA4 tt» torUv* <tfH»u« of ifc« on- 
IbCp «mW ywoottoo, 4mo> -to too mm w to W* tool. 

B» «fut«t far«> rprln« Mkv 97 l« U1»>U oouoto* cm v» »Mft 
IS m« toVt WUm too 0390MI* UOfttmt ffc ooft ft qr UMH w J U»r oMiMtt 
oovotr 38 femUf a prU« of «. AUfmtlal icm Hunt 99 

K _fa« 5T to tftftft ootoor IB. fefftooodtol mm* 
tft — rtai ifl « ui ovmif * wiM an ova «u twai 
t*r mi- - 38 indM vlto r^U ttr»di 55- oa* taualo 



wmAcr U vrortlo* »lto ytooaao 4la Ooi %1» v» too ovtola* 
n»*c«U~ir. U 9 r «Mft ttmii on *a*ft cud to .holloa*. B» two 
•tto of mi m ntfiit neb «j ivwi ■odlflrt o*»«*** or 4om ttmte, 
to vtowt.^ W7 Kd «Jr**» U fitoh *o 39 !• -o»*a 

vavajtlr «o Um oteft 13 vbts f*afV 1* jovoinoi nUUti to tola*!* *L 
A* oboalfT je is mwk to taa otafa 10 V oUbm *3 m? chat it cm ill** 
l£Bdtnltn«n^. «. It U ■»% noo to xototo go »• atotft. Timdiy onooaoft 
to tht lav ooi Pf tt» UdjafcU U a frtetim o c >» t . oooh oo t>n*o« 
m ^alLamUj oatootod frlrtio- at otter aovloa f» frtotiooaliy 

^- r - t -j^w ^ uat^ van or too uee>alt to ***** too tolotOo viut 
touua vita IWHH to tkt »tm/V Profana!^ ■ f *** 

avaaa* ttsvofta 3*1. toav-o*ot*«tv/toe —ft tto—*, 1*. a.*, 
aval ttjjin. to* vita*, or laaft, «r mn m U l»+ u subtly mWr t 
M «# ttMftte 38», vl U 1M pttok IVUV tolac •]«• to Mtj. > ^ ' 

n , <pjxx-wim nnUUM of to* «to*t m1vUt» to too tUaftle 

.haaiacr -v-tor * to »Mm vpmv »Uc*t\jr ad » ««vjmm1ov lx»A to - 
v^oivJr *«rtoc ol— oat 37 to nvc >«Ula«> Ftor omv votlor-torj 

ftLff .mrtlAl oervo w* ovdo n*loi flw »d ooa-holf uAo4#/lmch M«« 
ttoooBo m a •ootft onR>lo«tol7 l-T-4«> oatolto Uovotor omi ttvo oot V**m- 
crter* thrvoU/it^ ««aro torvodJ a » rtovKUx ly mnwl^ y a.$-AAObc* 
i «i« 



B|S/9y| 





oU^r 






SSI 


mi 
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oautMit lotro* wj*l«* M oooprtw ~»uo«i iUmA 4% 

W#moa17 oorrrt«m»i or o olarolitar W «3«o«pUd •oImr «^ » tar% 
ID. Vpsmr flat* Mooter kk 1- U» eoatoot with too ood* Of t*s 

«atM wi W •UirtL> ooMtMool or. «t*rt jfi to U m *m \* «- xoreo of t*c 
2os«lt*UAOUr i#uft tio totto- or oo oooao i *•■*«< r a*. lower 
r k6 aootoct* th* **» of the «q1m» tot !• WW< 

Nuft by ltMdMl^i fWrt of toMff MOAttor JB *• * 
Toomlt cT r^»l<lM tutrniS^x -or«» 39- P^tA*d 

i> ms» or c»» booriac to tton 00 woj» **oj aa& « low 

v of toa >ul.i — an ImMrtoA. «m* croamoo aor ta aaoood to 
1 of too eoOiam or** \r IMin4, A cowr 40 M7 W 



oaplojo* to MDlrta Teratfo ■•War Xk» t>» »*ebo»iao o*o to protact 



I ear lloltloc tte Aaflaotloa of U* coUn U n*uli»d. 
Alt»ooa> tto oaM mrv t*n*%*U— 1* • baoXl-4 •aunt**, opollooUoo of 
MQQJilTT HVjnulH Jood ttoxoto homU oouot total faiwo or naptaxo of too 
•olw*. *««ftn*, • f*J-»" of atop* *9 -* *5o «• p*wi«oa fcir tfcio pano-a. 
A* ahma, U» stopo no riiUlT ecnooetol M too Wii* »)oWa, ooa, to 
rffwi Dpoprioo appoT oo* Mr limlU". -Urn* cm tha daft to 

83 «llois loodtAdinUr tt««s. 9m m*o or too »toj» w±i mm icmaei, or o*oj 
fro-, «o*L *t*w *• too imI oo oho in^tM *o«o«x low »lo**a **» 

1. -roWrt-i fro. ooolof tas >T »^*r ahaoloor 96 — ooUd to t>« -ta«. *. 

. m«. !• MA oo to limit *** lOOtftoilAAl 



tXWOl Of tO* \00*i*» — •» 

««*»wUoo of too ooloao «L-jat «■ »ita»mtt^ i 

lag r — it to tot ooJo-B uoMi mm* *1» ta o^x^a, tar oopl*, jlni or 
rta p »os*MA oa to* c±kti —a urn •* »tas*» or t)» oow 48 prorlteA «atb 
•mttabio ot-joosnoi. mmj w ^m«& Mr aii poxpox W aunt K»«lt»li**i 
ud/ar laurel noetic* of oaimo. 
y> tt» oolw of to> coXmmu el«*0At *3 «-gr »• »««i«aa cnoM a. 

cMft lo, ^doh oo >*» ter. ro»> 4 •oviioo of ifco ooly of U* o*lfl( 

»rrt^ # «lta» OBAO Of **m iTi ■ ftttol 1» too r«00> ^T- •oH0»0 —7 *• 



- 6 - 
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rictad eloaaly toptM«r ae afaora, or 
/atcor* utd UrWw wo artatala 
MlVMtt aa>l£Q«a will 4c*C* a(* 



MNimMd !■ * tola, e)a*ur 
toe reaae ***** to 12a nrmhM 
eatLvfaetorlU aajoojai for U- 

m4 alaeaJ i>w<<» «t*aU« i 



U« Tlih 

eoteae cl»ieglaslttlc» aod teo -»i*ra*-U of 
tBlfmn rtolo or Mm col» ■»/ *• <■«•• 
, itxnd, n*t, n*mx ar faieaad. tt» r****™«* 
vlto ioMi-a ma, free to *o~ nivua 
toa ealean c«*i«. aatertal* aajr W 



10 a- |0**aear toonee, va^iuaa eeyper, ilia U«t aJetol aJlnn eaa < 

MUrUli anitiai a« teURfactotr W»*aaW anqartlw. T, r l*aUj J toa la*i- 
wiAXMl tolaaa «*e of loo* ja«Wa>aair cre ae aa aU a* f «1U taa cUto 
(reactor Km to» Lfcictaaaa, w* +r**a&4 m toai to» *rtdar xeoe of ton u>»aaae 
ta mbm! te Vo* iM—toj of Oa abaft. Ibaa, *\u> KxrtLdaot io>e*«**loe 
toa&lafe toa ©Oloeca tackla, aid Wa alnzi too est* kevtae toe loect »o«e«t 
of baxUt, e,f., eaaaitl* wy fiw toa ateft Ifl. 

*» eaaaoOi. a froaj. of oal«ea* O.lfiT-lncH tide*. *j D.«J&-lfltb «lftc 
V 10.6a6-larf*a loot, »ito tia aad* TOOwl«a r vera fatariaatf* rr«a 1.1.6.1 
*3kO eteel, gnaaebea a#* **vm at 573*?« «^ 
SD critdael t^ciMicn lca*W or pored > ta ocKrr ta 1 

. Mt*r tottttUj, toe «el»-e* vara faanl to *e*e a wy fl»* «cria< < 
Me. aa Cora In TU*re 5, Tbenle P a la toa crl*i~i taeniae. 1 
0 njiiaaaala Um UaA aa4 aafladloa at tffaLel tea •tree* U toe irtiaa ribex*. 
of Lb. Mm SM «*4 u» jieli jotat of toe vUrtU. toacnet*.eallj. taa toaee 
of thta earta« B bex*eterlrtic c«nr» « deaerltoa H> aarw ce'OO. aetseiLy, 
fell earn li 6*aortftal V7 COS «ut to trtcUoa la Ue eyatoa. k and B 

Taorwt Vploal Wftrtli* ll«Sto # «<Uoh t af ooara*, —Jf ka varied accomaf to 
M# aayllaatloa fa/ *«loa toa •prti»« U dtalfl^ad. W a^^la, vbarc a laj^t 
—pa* of naxlac ayalt* « not M^loWatad, a wrida* »txato )ua% Wlev Vm 
50 JIOM FOtAt a«j ba •ol, ^dla alto a (real anefcar of flaa»raa # tha wvkll* 

atzaa» oay to >aia to laa. tl-a tha atowi Halt of toe aetorteJ of aoaatoae- 
*laa. V toe a^hoaa-aeoUooal taala. toa Utotai danaotlaa vaa ItaataA to 



i 
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AwR>dMC»ly one tnc*. at wtHoh ttm> io^ltmiooi tofle-f « •flprort^W 

O.tt? lOCM*. TTV Oofloitloo to U- OOXU 

loafaat tu I — t to W «**U»Uj117 ooi»t«l. 

x» writer mt • 4*»»<* *** teilV •* • 

, «u* hi** • «ri*uml taokUof So- * 1*5*1 

■ Uolto* Wtmi 0 ml «bo«t ) 4» lochia to ■ 

uwu* too otoM. <*» wfi%mw> loOOM* - 
MftttamAiix »,cw w***» «»* ito ^ i«—itirfiii o»n«-ioo or ©.<* in* 



toll PM1. 



<»- tMm, lm «vlKm * op*lo« 'Wo.** oo i* *■ 
to dotou cr^>i t»1»o wikoiiool ooCtaoUo. Mr tyotiflo* 

rf Ll , — A^ruetio. *«* *rituol bnhlW loon, —IpW^m 

th* ibm ImI U tt» oxbaw * lonol* pntwmA aoW*. 

i la n««™ 1* om B, *dth «ltl>U flAi —•w* 



X» fh. OfOfmtd^ of th. aim oipMUil tool Mr irUM« • 
1» -mil Mlii t» OO0*~«> «OOl I* lonoxoi WOtkHllo wtion-i 

th. H~ S3 1« r^Ui pontic. OOoo ih. *«1 i« - too 4-i*ol 
1ml, tw mU tdUaf 1* io*oiiod. *» frlotim ooHor W o#»< *t* t*» 

u rf ^ oM»g '«l w«»oat. thlailo *1 n» rowlrlm* ooooiol 

T*-***mm o* V» t*U* to«r ii»iU^ » U wot* w-oUy * tiffteootiol 
mjw jo to W>J- cyna« «1— * Jf **» « jrt*>Uradm* orltlftoJ 

i»i is txojuoltool «v<«Ml# o*l 
-ioilta ***** «rfw« 10 ot«l 1 

Bt to «0» tb. Vm» ostautl? Tltt - i 
, jooporttoo*! ta tba crltloU *»*HfiC »• •J**»C 

loaoopjB— tly, UjO ♦TT^* < *f tool Lfl fOOMd thrw^ CM Uoo* *« 
t^ttd It iO tM OMIOA 1* U- M»crttel L/*l»Wfor.. 

39 tW f eoofdJMj tg oil y tl oa of * §stdmvaA ool 

M* kn flwk fot too porpovo of «nMAlflortlM« R«lllh»»^' 
^rloo* ■MirioMloM 11 tto toteUi ««U«ttoB »1U 1 



- 0 - 
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